Consciousness, which is based on Descartes statement "cogito ergo sum" refers to our capacity of asking questions rather to statements about the so-called reality. It concerns the field of potential information instead of the so-called actual information. In order to describe its contents we like to suggest a measure of potential information in terms of the capacity of actualities in the possible contents. This definition is able to include a variety of relevant consequences i.e., the appearance of a memory, the question of time down to relation of molecular events (biophotons). Consciousness works for evolutionary purposes which is not a matter of fact but a process. We like to add that the improvement and the optimization of consciousness is at the same time the most important healing power of our life.
Introduction

1
The ideas presented here are simple and take their origin in the work of Descartes and Henry Stapp. I try to point out • that at first we need to find a definition of consciousness, irrespective whether it is complete or not, before we can start to speak about it, • that we have to find a turning point between "reality" and "consciousness", irrespective of what we understand by the reality or consciousness, before we enter the no man`s land of consciousness,
• that we have to find ways how to quantify "consciousness" rather than only to describe it, • that we have seriously to distinguish between "consciousness" and "consciousness about consciousness", in order to discover the position and role of consciousness in our world.
consciousness is associated with the capacity of becoming aware about something. The "degree" of awareness could represent a measure of consciousness as like as the amount of possible or actual work got a measure of energy. However, there remains a fundamental difficulty regarding the role of the outside world and the observer. The energy can be defined without demanding a definite interference of the observer. We can say then that we are able to "objectify" the term energy. But it is just the essential characteristic of consciousness that it is completely impossible to objectify it, and we will always fail if we try to remove the role of the observer. At the same time a scientific definition requires at least the involvement of a definite part of the measurable outside world in order to make "inter-subjective" sense at all. The situation reminds a little on some basic questions of quantum physics, where we are faced with the problem of overcoming the uncertainty of the observer by "certain" probability distributions of the "reality" (wave functions). Henry Stapp who recognized the elementary essence of this problem was therefore successful in identifying consciousness in terms of the collapse of the wave function. This traces it back to the condensation of external events onto the frame of the observers' detector system, localizing it to the point where it really happens. It seems significant to make these previous remarks before I continue to look for a suitable definition.
Quantum Theory and Consciousness (First Approach of a Definition)
In my opinion we can finally not succeed in understanding consciousness if we focus our attention only to biological structuring oralternatively -to the puzzling properties of quantum theory. At first it seems important to exhaust all the possibilities of finding a satisfying definition of consciousness itself. Consciousness is not a strange property of biological structures and consciousness is not quantum theory, but biological structures enable the function of consciousness and quantum theory is certainly a product of our consciousness. Let us try therefore to find one or more boundaries between consciousness and "external world", as Henry Stapp did it with the collapse of the wave function. One of these boundaries is "virtual particles" or an apparent "cover" of the vacuum state. A striking example is the exchange force between identical particles that comes up simply by our conviction that, by definition, identical particles cannot get distinguished. This results in the fact that an exchange of identical particles will never lead to a new quantum state. Consequently, within a time interval that is smaller or at least equal to the ratio of the Planck's constant to the energy associated to these particles, the exchange of these particles has to be assigned to a "real" event. This effect gives rise to a manifold of forces (may be even to all "forces"). An example is the stronger binding force of the hydrogen molecule compared to that of the separated hydrogen atoms. It is well known and quantitatively established that this exchange force is responsible for the stable configuration of the molecule compared to that of the two single atoms (Fig.1) . In molecular biology this kind of exchange forces (or virtual forces of the vacuum field) plays a decisive role for the binding energy of molecules, known as van der Waals forces or sometimes Casimir forces, virtual particles etc. The puzzling situation behind these phenomena concerns the imagination that by introducing indistinguishable and most stupid particles (the Demokritos idea of atoms) and assigning ideal localization to them, one creates at the same time a completely non-local highly intelligent net of just the same, but permanently exchanging particles which have to know each other in order to find the right positions of their twins at any instant. Thus, the interaction of the "reality" with our imagination enforces to create an antagonistic world of complementary properties, where it becomes difficult, if not impossible at all, to decide what belongs to the external world and what is simply the product of our imagination. Are the particles really so intelligent in order to substitute themselves at any instant and are we therefore stimulated to imagine that they are completely localized indistinguishable units, or are the particles actually these single and strongly localized units that enforce us to think that they are so intelligent?
Is here a turning point where reality and consciousness are mutually exchanging their role? I think this example invites us to find a possibility of defining what we call "consciousness" in the following way. The essential point is the dialogue between the "actual" world and the "virtual" world; this is a permanent and active transformation from the "world of events" into the "world of imagination", from actual into potential information, and vice versa. Up to a point (where it has possibly to get corrected) I suggest to define consciousness then as an active process where actual and potential information are mutually transformed into each other. 
Throwing a Coin
Actually, throwing a coin would be an information-less event, if not necessarily (1) the question whether it will fall onto heads of tails is asked at all, and (2) the actual event of head or tail is registered. If the question were not asked, the event would be irrelevant. If only the question were asked without throwing the coin, one would speak of a fruitless speculation. In other words: The process of transforming potential into actual information and vice versa requires both, the world of possibilities and the world of actual events in order to fulfil the most necessary condition of a "relevant" information.
From Shannon we know that both, the potential and the actual information of throwing a coin will always display one bit, but "consciousness", as I defined it now, is necessary in order to register it. It is the consciousness that has to take up both parts of the information, for that the information can become relevant at all and complete.
Since Shannon´s definition of information satisfies the "scientific" conditions of reproducibility and non-ambiguity, it may work as the first valuable approach of developing measures of consciousness. Of course, the consciousness of Shannon´s information is empty, since in the interaction of the real world and the imagination, represented by the actual frequency and the known (!) probability field W of all possible events, respectively, there is no real "surprise". The reason, why there remains no real gain of information, is that the system is closed. However, as soon as there is a gap between the actual and the potential information, just this difference provides a measure of what we call "consciousness". In most general terms we may therefore formulate B≡ B(lnWp-lnWa) = B(ln (Wp/Wa))
( 1) where B(...) as a measure of consciousness is a definite function that has still to be determined. The arguments Wp and Wa are the potential and the actual probabilities (better: probability fields) of the "imagination" of the observer and the "real events", just in terms of Shannon´s approach, as far as this is measurable. Since the problem will arise to measure the probability field in an open system instead of a closed one, this task can be solved. The way to do that is well known in thermodynamics, i.e. dividing the system into quasi-stationary elements that can be looked upon as quasi-closed parts of the whole. We provide also that B(0)= 0 in order to set the Shannon`s information as a reference system with B = 0. From equ.
(1) we can deduce that consciousness gets the meaning of a process with evolutionary significance. Actually, the gain of information in terms of equ. (1) provides the survival of the observer. The better he is able to suck up knowledge by the interaction with the external world in transforming actual into potential information, and the better he is able to change the actual world by creativity in transforming potential into actual information, the higher is his evolutionary power and his survival chance. This is valid, for instance, for producers as well as for consumers, i.e. cultivating and absorbing optimal food, or for scientists who analyze natural laws in order to apply them to the building of instruments.
However, in order to arrive at an optimum of B, B involves an active process where Wp and Wa become mutually dependent. It is evident that the end of any of those processes of interaction between the world of facts and the world of possibilities is determined by the equality of Wp and Wa in Shannon´s sense, simply because of the boundary conditions. The activity of the consciousness process concerns the trial to reach this state. On the way to the final adjustment with Wp = Wa there are many possibilities of arriving at the same end, and it is obvious that there are optimal ways. Consequently, one has to find am optimization procedure for B. I suggest one that is similar or identical to the Hamilton principle, where a Lagrange function L(Wp,Wa) will fulfil the optimization rule
From equ. (1) we may conclude that L(Wp,Wa) = L(Wp/Wa) which means that the ratio of potential to actual information is a significant parameter of the optimum consciousness. This might mean that it is an evolutionary advantage to draw out highest amount of "possibilities" from "real" events. Or it might be better to discover highest amount of realizations in only a few possibilities, or to come always suddenly to a state where Wp/Wa approaches the value 1.
Some simple examples
The simplest system where actual and potential information are mutually transformed are cavity resonators. Actually, the potential information (in bit) is identical to the Q-value of the resonator. The actual information reflects the distribution of the coded sequence on the emitted wave. The actual information cannot exceed there the potential one. It corresponds to the maximum number of switch-on/off processes of a wave that is reflected N times within the resonator. Then exactly N bit can be modulated on this beam if it is used for communication. The number N of reflections is equal to the life-time T of the beam within the resonator per time t´ of one travel from one wall to the other. t´ is equal to d/c, where d is the distance between the walls and c the velocity of light. Consequently we have N = T/t´ = Tc/d. The Q-value of a resonator can be defined as the ratio of energy content to loss rate (Nε/((dN/dt)ε) = T) times collision frequency F = c/d of the stored photons under consideration. Consequently we have Q = Tc/d which means that the potential information of a cavity resonator is identical to its Q-value (in units of bit). Take the case that the resonator works as a "consciousness"-system which stores potential information in terms of, say, N stored photons. Every photon shall represent one unit of potential information P in the way that it is able to switch on and off the information process. The actual information A, on the other hand, has to be assigned to the photon emission from the resonator in the way that A ∝ dN/dt, where t is the running time. Let us take the simplest case of a linear resonator without any active absorber or memory effect. This means that N follows a law like
where N(0) and λ are the number of stored photons at t = 0 and the decay constant, respectively.
Consequently, according to he optimization principle of equ (2) we obtain
It results just in the solution of equ.(4). e.g. N = N(0)exp (-λt). The Lagrange function is then 1/λ and we have therefore L(Wp,Wa) ∝ Q. A decisive value of the "consciousness" function B is the Qvalue that is a measure of the storage time of the energy content. On other words: In case of a completely chaotic system, the "consciousness" function follows an exponential relaxation with a "memory"-time proportionate to the Q-value (potential information). This time T = τ =1/λ is called life time or coherence time, since in case of stored electromagnetic waves the originally interfering waves do not loose their phase information during this time T = 1/λ.
Our derivations show at least that for an optimization of the consciousness process according to equ. (2) the potential information may get maximized.
However, it is evident that we cannot assign a consciousness to a simple cavity resonator irrespective of the fact that it is able to store potential information. The essential point is that it is unable to develop "active" processes in order to overcome thermal equilibrium and to enfold then an open system. This problem could be solved by looking for ways of further improvements in fulfilling equ. (2). The next possible step is the increase of the potential information with N 2 instead of N:
The solution of this equation takes the form
where µ is a constant.
It is well known that a photon store based on N 2 instead of N works with coherent fields. The interactions include then phase relations of the waves. Every point of the system is connected to every other point by phase correlation. The system works in a holistic way. Its feature is a hyperbolic-like relaxation according to (6). Actually, we showed in a manifold of papers that biological systems are constructed just according to equs.(5) and (6) . Typical examples are the "mitotic figures" (Fig.2) or "hyperbolic light oscillations" in tissues. The advantage of a consciousness that is based on equ.(5) instead of equ. (4) is the development of a memory, since this system is now able to register the time t. In contrast to an exponential relaxation, where the coherence (memory) time τ =1/λ is a constant, for a coherent field we have to assign the corresponding memory time τ = N(0)/µ. The system is able to keep the initial state permanently in mind.
Generally speaking: the establishment of a coherent field is a necessary condition of the development of what we call consciousness. It optimizes the capacity of • differentiation of spatial and temporal patterns in a system, working also for the translation of syntactic into semantic information, • intra-and intercellular communication, growth control and pattern formation ("Gestaltbildung"), • realization of a "time" and "space", • what we call health.
Before we remind onto the approaches of possible mechanisms of creating coherent states (i.e. exciplex system of DNA), let us go into more detail about the connections between consciousness, entropy and time.
Consciousness and Entropy
It is a rather interesting question whether the second law of Thermodynamics has its natural origin in the observer's properties, or whether it may at least become traced back to them. It is worthwhile to mention here that the microreversibility of electric interactions seems to contradict the second law of Thermodynamics which is the only law in nature that determines the direction of the time-arrow. One may ask whether the mechanism of the aging or the change of the spatio-temporal structure of the consciousness is not the "real" source of the second law of Thermodynamics. The close relation between entropy and information is well known and should not be discussed her again. However, let us simply remind on the probability distributions of the particles in the phase space which are necessary for evaluating the entropy. They require the active work of the consciousness of the observer and cannot be separated of the "reality" in order to understand the second law of Thermodynamics. Roughly speaking, the second law of Thermodynamics tells us that the arrow of time is running in a direction where the observer looses more and more information about the original space-time pattern of the system under study. In case that there is no further interaction with the system under observation, the arrow of time is the way of forgetting. Provided that "consciousness" takes place in a closed system, more and more information will get lost. Consequently, consciousness could never have developed in a closed system. This supports our proposal of a definition according to that of sections 2. and 3. It excludes at the same time a value of consciousness for the Shannon´s observer. In order to get a deeper insight let me mention the following "Gedankenexperiment" which is similar to that of the Maxwell´s demon but takes another form. Imagine a completely random distribution of particles in the phase space. From the point of view of the second law of Thermodynamics one would assign to that maximum entropy. More correctly: The consciousness of the observer would come to the conclusion that this ensemble has the highest possible value of the entropy, and an objective measurement of the particle distribution would come to the same result. Let us denote by A the set of actual information (as a result of measurements) and by P the set of potential information (as a result of imaging the possibilities). P and A would get in that case identical as like as in a Shannon´s case. Now imagine that a highly intelligent observer has put this completely random ensemble in just the same spatial and temporal order by knowing how to prepare a completely random ensemble. His consciousness interfered actively with the whole process. The entropy of the system is now completely different, namely 0, since the probabilities of finding the particles in possible states get all the ideal values 1. Actually, the real world does not change there, but the potential information changes dramatically as like the entropy does it. Consequently, provided this Gedankenexperiment leads to the right results, the "real world" is much better reflected here in the "consciousness" of the observer rather than in the results of our detector system. Even if we correct this model by applying quantum description which does not allow preparing a system of entropy 0, we have a situation where P is deviating from A. The observer interferes there traceless with the system under study. His consciousness is actively involved in this process that does not belong any more to a closed, but to an open system. As a result, "consciousness" lives from the difference of actual and potential information, and this difference is a measure of the degree of consciousness. The transformation of actual into potential information and vice versa has to overcome informational gradients in order to justify the term "consciousness". At the same time this provides a possibility of distinguishing artificial from real intelligence, or men from robots.
It is worthwhile to discuss here the entropy maximum principle regarding how biological systems arrive at a state of consciousness.
I come back here to our experimental work on biophotons that does not only show evidence that the biophotons do originate from a coherent field which is likely produced in the DNA, but that the different modes of the biophoton field are coupled in a way that the mean occupation probabilities f(ν)of the energy states of the phase space follow the rule
where ν is the frequency of the mode under study.
It is obvious from elementary Thermodynamics that equ. (7) provides the absolute maximum of entropy at all. Even in a closed system the entropy will be smaller since it follows a Boltzmann distribution which displays in contrast to (7) a pattern in the phase space. The reason is the boundary condition of energy conservation law that is not necessary for an "ideal" open system. One may ask: Are biological systems more "disordered" than heat baths?
A careful experimental analysis shows that the modes are coupled. This means that by mode-coupling the maximum of entropy according to equ.(7) may take even a value around 0 as soon as the number of degrees of freedom approaches the value 1:
where k is the Boltzmann constant and n the mode number, representing here the frequency of the modes. In order to develop "consciousness", nature seems to use the possibility of a strict maximization of the entropy as a time average, in order to arrive at highest stability, and of coupling the informational carriers (coherent photons of different modes) to one degree of freedom, in order to arrive at highest sensitivity and holistic formation of the body. There are some models based on exciplex systems of the DNA that could explain the mechanism of this process. However, we will not go into detail in this preliminary state of considerations about the definition and biophysical basis of consciousness.
Consciousness and "time"
Without time there is no consciousness, and one may ask whether without consciousness there is a time. One has to distinguish between a time that is defined in the actual world, registered by any kind of clocks, and a biological time, registered by the consciousness. These times are not identical but could become synchronized to some extent. Since the second law of Thermodynamics is responsible for the direction of the arrow of time it is evident that it is also responsible for the "biological time". On the basis of our definition of consciousness it has to be assigned to the change of probability distributions in the transformation of actual to potential information and vice versa. These processes are always subjects of relaxation functions like those of equs. (4) and (5). An observer who follows equ.(4) will never be able to consider dynamical events that take longer time than T=1/λ, but one who is subjected to equ. (5) may have theoretically an infinite memory time. The time feeling my get adjusted to the ratio of an amplitude of a signal at time t 1 = 0 to that at time t. It may be based on photon stores within the body, i.e., cytochromes or DNA, RNA or whatever. The biological time may then get a function g (N(0)/N(t)) which is according to equ. (6) 
where g is an unknown function, in the simplest case g(1+µt) = µt. For µ→0 the biological time rests, and for growing µ the biological time runs faster and faster. This makes sense. µ is a measure of the relaxation time of an excited coherent state. In case that it does not decay, the system cannot develop the feeling for time, and the capacity of becoming aware of time depends on µ. Since with increasing age the biological time runs faster, one may assume that the responsible coherent states of our consciousness get lower and lower relaxation time during aging. Denote our physical age under natural conditions ta, and provide that we feel this age as tb = µta. On the other hand, ta follows a law like N(ta) ≈N(0)/(µta).
Consequently, under these assumptions everybody feels at the same lossrate of his photon stores also the same biological age, irrespective how old he "really" is.
In this respect I would like to add an idea about time and relativity theory. Again one may ask whether the results of the relativity theory are based on a "real world" or on the consciousness in its interactions with this real world. This would have some consequences for the fact that the velocity of light is considered as a fixed natural constant. What would happen, for instance, if the distances between the base pairs of the DNA would change? Would this have also impact onto the velocity of light? May be that the velocity of light is constant because light is the governing factor for determining the processes of our consciousness? Does this hold also for the Planck constant and others? Is it not even necessary to accept these values as constant ones, simply because a biological system as the only observer of the physical world has definite and constant limited resolution? Fig. 3 displays the pre-steps of the development of cooperation and consciousness during the universal evolution. From a threshold on, e.g. the "self-organization" of open systems, the most essential capacities of consciousness could come up. Living systems are characteristic for this process. They can even be defined as the systems that by optimizing the negentropy of sun rays on the earth were able to establish coherent states. By increasing the dimensions of their antennae systems they developed higher and higher degrees of potential information, just parallel to the way of their consciousness.
Consciousness and Evolution
Insofar, the evolution itself can be understood in terms of enfolding consciousness. Most remarkable steps in this development were the capacity of a system to take up information (for instance food or other signals) in order to decrease locally the entropy, i.e. by mode coupling. This process is rather necessary for establishing gradients between actual and potential information and to provide transitions between these zones of reality. A further optimization condition is the capacity of using sunlight in a way that its thermal dissipation on the earth becomes more and more delayed. What we call cultivation of food up to development of an ethics works just for this purpose. A most essential turning point in this process was the explicit interaction between actual and potential information in terms of self reflections. I would like to call this state the point of Descartes. His statement "I am, because I am able to doubt" demonstrates clearly this existence of a reference point of consciousness. In the mutual transition between the possibility of developing a world of potential information (here in terms of doubts) and its connection to a world of actual information (his physical evidence), he concluded the evidence of his existence at all. These interactions between actual and potential information, based on this reference point of Descartes, opens the way for understanding the basis of the human consciousness and probably also the steps of further developments into "global" forms of consciousness. We may distinguish 4 different basic forms:
(1) Self confidence according to the reference point of Descartes: I am, resulting from the transformation of the physical existence of the body into "doubts" and back to the control, and so on. The end of this process is the adjustment of actual and potential information.
(2) Identification (awareness) according to the transformation of the actual information of the physical existence of matter or radiation into "doubts" and back to the control, and so on. This leads after adjusting actual and potential information to the confirmation of You are or It is. (3) Prediction: Repeated transformations of the actual information of the physical existence of different objects into the possibility field of the potential information under adjustment of the potential information of the memory which provide boundary conditions in the control processes. The transformations are again finished as soon as there is an equality of actual and potential information. The result is a statement: It will be. (4) Memory and Inspiration. Repeated transformation and re-transformation of potential information of the past and the presence. After adjustment of these probability distributions the statement will follow: It could have been or It could become.
Step (1) is very basic for the reference system of consciousness itself, step (2) allows social interactions, step (3) is the basis of scientific development and step (4) is most necessary for creativity and responsibility within a society. The consciousness develops under natural conditions from step (1) to step (4), and it involves more and more non-local actual information into this process. Insofar, evolution is the development of coherent (probably even squeezed) states into an increasing framework of a global ethics. To some extent it seems that this contradicts the Darwin principle. However both principles, Darwin´s and consciousness evolution, work for the "survival of the fittest." While these "fittest men" are not known in Darwinism, before they have died, a clear picture of them is known in this approach of consciousness development.
